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Micropuncture study of chronic obstructive
nephropathy before and after release of obstruction
DOUGLAS R. WILSON
Department of Medicine, University of Toronto, Toronto, Canada
Micropuncture study of chronic obstructive nephropathy before
and after release of obstruction. The nature of the intrinsic renal
defect in chronic obstructive nephropathy was studied in rats
with unilateral partial ureteral ligation, In the surface nephrons
of chronically hydronephrotic kidneys, proximal intratubular
pressure was slightly increased when compared to sham-operated
control animals. Tubular fluid flow rate was reduced by 35 %,
fractional reabsorption was increased by 8 % and single nephron
filtration rate was 76 % of control values. There was no post-
obstructive diuresis in rats with a normal contralateral kidney
studied 2 to 6 hrs after relief of chronic obstruction and there
was no evidence of hyperfiltration or decreased fractional re-
absorption in the proximal tubule of surface nephrons in the
post-obstructive kidney. A disproportionately high surface
nephron to whole kidney glomerular filtration rate (GFR) was
present in most animals studied before or after relief of obstruc-
tion. It is concluded that the increased fractional excretion of
sodium and diminished urine osmolality observed in chronic
obstructive nephropathy result from decreased reabsorption in
the distal nephron and/or impaired function of the deep nephrons
and renal medulla. The results also indicate that these intrarenal
functional defects are not solely responsible for the phenomenon
of post-obstructive diuresis; it must also depend on other factors
such as superimposed volume expansion or further reduction in
functioning nephron mass.
Etude par microponctions de Ia néphropathie chronique par
obstruction avant et après Ia levee de l'obstacle. La nature du
deficit renal intrinseque de Ia néphropathie chronique par ob-
struction a été etudiee chez des rats dont l'uretère était partielle-
ment lie. Dans les néphrons superficiels des reins atteints
d'hydronephrose chronique Ia pression intratubulaire proximale
était legèrement augmentée par rapport a des contrôles sham
opérés, le debit de liquide était diminué de 35%, Ia reabsorption
fractionelle augmentée de 8% et le debit de filtration gloméru-
laire individuel était egal 76% des valeurs obtenues chez les
contrôles. Ii n'y a pas eu d'augmentation de Ia diurése aprés Ia
levee d'obstacle chez les rats ayant un rein controlatéral normal
et étudiés 2 a 6 heures aprCs Ia suppression de l'obstruction
chronique. II n'y avait pas non plus de preuves d'une hyper-
filtration ou d'une diminution de Ia reabsorption fractionelle
dans les tubes proximaux des néphrons superficiels pendant Ia
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période post onstructive. Une disproportion entre Ia filtration
glomerulaire des nephrons superficiels, très élevée, et le debit
de filtration global du rein a été constatée pour Ia plupart des
animaux étudiés avant ou aprCs Ia suppression de l'obstruction.
II a été conclu que l'augmentation de I'excrétion fractionelle de
sodium et Ia diminution de I'osmolalitC urinaire observée dans
les néphropathies par obstruction est Ia consequence d'une
reabsorption diminuée dans le néphron distal et/ou d'une fonc-
tion dCfectueuse des néphrons profonds et de Ia médullaire
rénale. Les résultats indiquent aussi que ces deficits fonctionnels
intra-rénaux ne sont pas les seuls responsables du phenomCne
de diurése aprés obstruction qui doit aussi dépendre d'autres
facteurs tels qu'une expansion surajoutée des liquides corporels
ou une reduction supplémentaire de Ia masse des néphrons
fonctionnels.
The nature of the intrinsic renal defect in chronic ob-
structive nephropathy is not known. In addition to a non-
specific reduction of glomerular filtration rate, chronic
urinary tract obstruction may be associated with polyuria
[1—7] and, after the relief of obstruction, with renal salt-
wasting (8—15]. The extrarenal factors which must be con-
sidered in seeking to explain these defects include sodium
retention with extracellular fluid volume expansion and
urea retention with resulting osmotic diuresis. The intra-
renal defects leading to polyuria in chronic hydronephrosis
could consist of overperfusion of residual nephrons; that
is, increased filtration with or without decreased reab-
sorption in the proximal tubule or, alternatively, dispro-
portionate damage to the renal medulla causing an inappro-
priate loss of salt and water. On the basis of clearance
studies carried out in the dog during water and hypotonic
saline diuresis, Suki et al [16] have suggested that over-
perfusion of residual nephrons may account for the urinary
abnormalities observed in chronic hydronephrosis. Recent
clearance experiments by Bercovitch et al [17] have suggested
that there is defective proximal tubular reabsorption of
sodium and water after the relief of 24 hours of complete
ureteral occlusion, especially in the presence of mannitol
diuresis.
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It was the aim of the present experiments to study di-
rectly, using micropuncture techniques, the effect of chronic
ureteral obstruction on individual surface nephron function
and whole kidney clearance in the absence of volume ex-
pansion or solute loading. Rats with unilateral partial
ureteral ligation of several weeks duration and an intact
contralateral kidney were the experimental model. The
results indicate that chronic obstructive nephropathy is
accompanied by underperfusion of residual nephrons with
relative sparing of cortical nephron function and, presum-
ably, disproportionate damage to the deeper nephrons and
renal medulla. After relief of obstruction post-obstructive
diuresis was not observed in rats with either mild or moderate
hydronephrosis and normal or impaired surface nephron
function, suggesting that other factors must be important
in postobstructive diuresis.
Methods
Studies were performed on male Wistar rats weighing
200 to 300g. Under sodium pentobarbital anesthesia
animals were either sham-operated or a unilateral partial
ureteral obstruction was produced by loosely tying a silk
ligature around the upper left ureter just below the uretero-
pelvic junction. Animals recovered uneventfully from
surgery and gained weight on a diet containing 1 % sodium
chloride (Rockland rat diet). Two to four weeks later micro-
puncture and clearance experiments were carried out in
three groups of animals: 1) group A, control sham-operated
rats, ten animals, 2) group B, chronic obstructive nephro-
pathy with the catheter below the level of the ureteral ob-
struction, nine animals, and 3) group C, chronic obstructive
nephropathy with the catheter placed above the level of the
ureteral obstruction, the post-obstructive group, eight ani-
mals. For these experiments rats were anesthetized by intra-
peritoneal injection with mactin, 80 mg/kg, placed on a
thermostatically-controlled heated table, and then prepared
for micropuncture. Tracheostomy was carried out, blood
pressure in the carotid artery was monitered by a mercury
manometer and rectal temperature was maintained from
37 to 38° C. Mean blood pressure in the three groups of
rats was: group A, 109±2mm Hg; group B, 105±5mm
Hg; and group C, 111 6 mm Hg (all values are expressed
as mean 1 5EM). Throughout the experiment isotonic
saline (0.9% NaCI) equal to I % of the body weight during
surgical preparation and 0.036 mI/mm, thereafter, was given
intravenously into the jugular vein by an infusion pump.
Both ureters were catheterized to the mid-ureteral level with
PE 10 tubing through a transabdominal incision and the
left kidney was placed in a lucite dish with the capsule intact
and bathed with warm mineral oil at 37° C. In the post-
obstructive group, PE 50 tubing was inserted in the dilated
left ureter above the level of the obstruction and positioned
at the ureteropelvic junction. A sample of urine was ob-
tained for culture from the left ureter. After at least one hr
to allow the animal to recover from surgical stress, and
when the urine flow was stable, '4C-inulin was given in a
priming dose of 35 .tCi (in 0.5 ml isotonic saline) and a
sustaining infusion at 35 jiCi/hr. Clearance periods and
micropuncture sampling were begun after a 30 to 45 mm
equilibration period in control animals or 45 to 60 mm in
animals with obstructive nephropathy.
Micropuncture methods were similar to those described
previously [18]. Proximal intratubular pressure was meas-
ured using a water manometer with 1 % lissamine green to
indicate the end-point. Transit time to the distal portion of
the proximal tubule was measured by the intravenous in-
jection of 0.05 ml of 10% lissamine green [19], using as the
end-point the time of convergence of the columns of dye in
proximal tubules before they descend beneath the surface
to form the pars recta [20]. Estimates of the proportion of
functioning (open) nephrons to non-functioning (collapsed)
nephrons on the kidney surface were made by counting at
least three low power fields at different sites, using the
absence of a visible lumen and the failure of lissamine green
to enter the nephron as an indication of lack of function.
To avoid the osmotic effect of 10% lissamine green, the
dye was pre-treated with a mixed-bed ion exchange resin
to remove NaCl; the final osmolality was 230 mOsm/kg
H20. Accurately timed collections of tubular fluid were
obtained from the distal portion of the proximal tubule at
a rate approximating the spontaneous flow rate using
bevelled micropipettes with a 9 to 11 j.t tip diameter. The
tubule segment was selected after the injection of lissamine
green or a small drop of Sudan black-stained castor oil into
a tubule segment and following its course through the
proximal tubule. Retrograde contamination of the collec-
tion was avoided by using a long oil block of four to six
tubule diameters in length, and disturbance of tubular
dynamics was avoided by measurement of the transit time
during several of the collections in each rat. Blood samples
(0.1 ml) were obtained from the cut end of the tail at the
beginning and end of each clearance period and with each
tubular fluid collection. The volume of tubule fluid samples
was measured in a constant-bore capillary tube previously
calibrated with 14C-inulin and containing a 7:3 mixture of
chloroform and liquid silicon to minimize meniscus error.
Urine volume was determined by weighing. Radioactivity in
tubule fluid, plasma, and urine was measured by adding
samples to modified Bray's solution with added thixotropic
gel powder and counting in a Nuclear-Chicago liquid scin-
tillation counter using 14C-standards to correct for counting
efficiency. No correction was made for plasma water con-
tent. Plasma and urinary sodium were measured with a
flame photometer (Instrumentation Lab) and plasma and
urine osmolality with a nanoliter osmometer (Clifton Tech-
nical Physics).
At the conclusion of the experiment both kidneys were
removed, blotted, weighed and placed in formalin. Photo-
graphs of the gross appearance of the kidneys were made and
histologic sections stained with hematoxylin and eosin were
prepared from paraffin-imbedded tissue. Single nephron
',
.
 
:k
 
Chronic obstructive nephropathy 121
filtration rate was calculated as the product of the tubular
fluid flow rate and the end-proximal TF/P inulin concentra-
tion ratio. The absolute rate of tubular fluid reabsorption
was calculated as the difference between the single nephron
filtration rate and the tubular fluid flow rate at the end of
the proximal tubule. Clearance results were analyzed for the
left (micropuncture) and right (control) kidney in each
group of rats. Since the results for the normal right kidney
were not different in any group, only the statistical dif-
ferences between the left kidney in the three groups are
included in this report. Standard statistical methods were
employed for data analysis.
Histological observations
Results
Approximately one-third of the rats in which a ligature
had been placed around the upper portion of the left ureter
did not develop chronic obstructive nephropathy and could
not be used for micropuncture experiments. The animals
which were discarded either had no visible dilatation of the
ureter above the ligature and no significant enlargement of
the kidney, or the ureter was presumably obstructed com-
pletely and the kidney was greatly enlarged with virtually
complete atrophy of the renal cortex, the kidney thus
consisting of a fluid-filled sac. Kidneys which were used for
experiments were mildly to moderately enlarged and, in all
cases, the ureter was definitely dilated above the ligature.
Urine cultures obtained at the beginning of the experiments
were sterile. On longitudinal section, the renal pelvis of the
obstructed kidney was enlarged with mild to moderate
flattening of the papilla and pallor and thinning of the outer
red medulla (Fig. I). Histologic sections showed that in the
renal cortex there was mild to moderate dilatation of the
tubules which was more apparent in the distal tubules and
also in the deeper portion of the cortex, where the dilated
collecting ducts became a prominent feature. The glomeruli
were normal; there was no significant interstitial infiltrate,
edema, or fibrosis in the cortex (Figs. 2a and b). The most
consistent histologic feature of chronic obstructive nephro-
pathy was narrowing of the outer medulla with disorgani-
zation or loss of the normal parallel structures in this zone,
namely, the thick ascending limbs of Henle's loop and the
vasa recta. In some animals there was an increase in the
interstitial cells in the outer medulla, and edema was evident.
Fig. 1. Low power photomicrograph of median sagittal sections of a normal rat kidney on the left (x 7) and chronically obstructed rat
kidney on the right (x 6). There is shortening of the papilla and narrowing of the outer medullary zone in the hydronephrotic kidney.
Fig. 2 b. Histologic section of cortex from a rat kidney with chronic obstructive
nephropathy. The dilated distal convoluted tubules
and collecting ducts are apparent (H & E x 72).
Fig 2a. Histologic section of cortex of normal rat kidney (U & E x 72).
Fig. 3a. Histologic section of outer medullary zone of normal rat kidney. The parallel thick ascending limbs of }Ienle's loops are
prominent. The inner cortex is on the left and the inner medulla is at the right of the section (H & E >< 72).
Fig. 3b. Histologic section of outer medullary zone of chronically obstructed rat kidney. There is marked narrowing of this zone
when compared to the normal kidney. Many of the parallel ascending limbs are distorted and compressed by interstitial edema
and cellular infiltrate, while there is marked dilatation of other tubular segments especially collecting ducts (H & E x 72).
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Table 1. Micropuncture resultsX
Measurement Control
N= 10
Chronic
obstruction
N=9
Post-obstructive
N=8 Mild (N=4) Moderate(N=4)
Proximal intratubular pressure, cmH2O 14.0
(25)C
17.1
(33)
17.5
(24)
17.7
(13)
17.4
(11)
Transit time, sec 11.7
(28)
16.1
(47)
15.5
(29)
13.3
(15)
17.8 1.0
(14)
Tubular fluid flow rate, nI/mitt 13.7
(43)
8.9
(37)
13.4 1.2
(49)
16.9 1.8
(27)
9.2
(22)
TF/P inulin (end-proximal) 2.28±0.10
(43)
2.80±0.13d
(37)
2.23±0.09
(49)
2.05±0.11
(27)
2.45±0.15
(22)
Nephron GFR, nI/mitt 30.2
(43)
23.0
(37)
26.8
(49)
31.0
(27)
21.5
(22)
Reabsorption rate, ni/mm 16.5
(43)
14.1
(37)
13.3
(49)
14.1
(27)
12.3
(22)
a Results are shown for the left kidney only
b Válpes are expressed as the mean 1 5EM
Numbers in parenthesis refer to number of nephrons sampled
"Difference from control, P< 0.05
e Difference from control, F< 0.01
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Intratubular cast formation was not a significant feature
(Figs. 3 a and b). The long loops of Henle and collecting
ducts were shortened and dijated in the flattened papilla.
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Chronic obstructive nephropathy. Under the dissecting
microscope, observation of the surface of the chronically
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obstructed kidney in vivo showed mild to moderate dila-
tation of the lumens of the proximal tubules with the out-
side diameter appearing normal. The distal tubules were
more markedly affected, their inside diameter appeared
equal to or larger than that of the proximal tubules while
their outside diameter often appeared to be increased. There
were a few areas of the cortex, usually in the perihilar region,
with absent tubule lumens and granular-appearing tubular
epithelium, but on the average 80±3% (mean SEM) of
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the tubule segments could be used for micropuncture. The
micropuncture results from chronically obstructed kidneys
are compared with the values obtained in control rats in
0
Table 1. Proximal tubular pressure was slightly increased
from a control value of 14.0+ 0.3 to 17.1±0.5cm H20 in sur-
—
.face nephrons of chronically obstructed kidneys (Pc0.01).
Velocity of flow in the proximal tubule was decreased as
indicated by the prolongation of lissamine green transit
Fig. 4. The mean and range of values for single surface nephron
filtration rates in the three groups of rats studied. The post-
obstructive group is divided into those with moderate and those
with mild hydronephrosis.
time from 11.7±0.3 to 15.5 0.7 sec (P<0.01). The tubular
fluid flow rate was reduced from the mean control value 56 to 64%. Single nephron glomerular filtration rate was
of 13.7± 0.7 to 8.9± 0.6 nl/min (F<0.01), and there was a reduced in obstructive nephropathy from 30.2± 1.5 in
slight but significant increase in the proximal tubule fluid control rats (43 nephrons) to 23.0± 1.2 nI/mm in obstruc-
to plasma inulin ratio from 2.28± 0.10 in the control group tive nephropathy (37 nephrons, Pc 0.01). It is important to
to 2.80± 0.13 in the partly obstructed group (Pc 0.01), add that in obstructive nephropathy the surface nephrons
thus indicating an increase in fractional reabsorption from with high TF/P inulin ratios invariably had lower than
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normal filtration rates, suggesting that the high ratios were
not due to retrograde contamination. Moreover, only four
of 37 nephrons had a filtration rate higher than the mean
control value; the range of values obtained is shown in
Fig. 4. The absolute rate of fluid reabsorption in the proxi-
mal tubule was slightly but not significantly reduced.
Post-obstructive kidney. The appearance of the kidney
surface in vivo during the first hour after the relief of chronic
unilateral obstruction showed disappearance of the majority
of tubule lumens while the tubular epithelium appeared pale
and granular. These changes gradually improved in most
rats so that by one to three hours after relief of obstruction
75±4% of the surface tubule had normal tubular lumens
with only slightly granular-appearing tubular epithelium
and could be used for micropuncture. Experiments were
then begun and continued for an additional two to four
hours (Table 1). Proximal intratubular pressure remained
slightly elevated at 17.5±0.7cm H20 (P<0.0l when
compared to control), and lissamine green transit time also
remained significantly prolonged at 15.5± 0.7 sec (P<0.0l).
The mean value for tubular fluid flow rate was similar to
the mean value in normal rats (13.4±1.2nl/min), as was
fractional reabsorption (TF/P inulin) in the proximal tubule
(2.23± 0.09). The single nephron GFR was slightly but not
significantly less than normal, being 26.8±1.6 nl/min in 49
nephrons. The variation in this measurement is shown in
Fig. 4. The absolute reabsorption rate was significantly
reduced to 13.3± 0.8 ni/mm (P<0.05).
The eight rats in this group could be divided into two
subgroups: four rats with moderate hydronephrosis and
low whole kidney GFR (Table 2, group C, rats ito 4) which
were comparable to the rats studied prior to release of
obstruction; and four rats with mild hydronephrosis and a
slight reduction in whole kidney GFR (Table 2, group C,
rats 5 to 8) which were included because of the failure to
observe post-obstructive diuresis in the more severely
affected kidneys, as discussed below. In the four rats with
moderate hydronephrosis, tubule flow rate and nephron
filtration rate remained significantly reduced after release
of obstruction (9.2±0.9 and 21.5±2.0 nl/min, respectively,
in 27 nephrons; P< 0.01). The absolute reabsorption rate
remained reduced as well (12.3±1.4 nI/mm, P<0.05).
Fractional reabsorption was not significantly different from
control values (TF/P inulin 2.45±0.15). In the four rats
with mild hydronephrosis studied after relief of obstruction,
the mean values for tubule flow rate (16.9±1.8 nI/mm),
Table 2. Clearance data for experimental (left) kidney in three groups of rats
GFR
mi/mm/kg body wt
V
p1/mm/kg bo
FEH2O UNaV FENa
dy wt % uEq/min/kg body wt %
Uosm
mOsm/kgH2O
Cosm/GFR
X 100
TCH2O/GFR
x 100
Group A: Control sham-operated (N= 10)
Mean 3.16 8.7 0.29 0.41 0.10 1073 0.93 0.64
±0.30 ±0.3 ±0.02 ±0.11 ±0.03 ±153 ±0.12 ±0.12
Group B: Chronic obstruction
1 0.68 9.8 1.45 0.49 0.45 711 3.06 1.62
2 1.02 18.6 1.83 0.76 0.49 702 3.98 2.16
3 0.56 14.7 2.64 0.75 0.92 542 4.11 1.48
4 0.27 9.9 3.66 0.14 0.34 274 3.19 —0.47
5 0.26 6.8 2.65 0.29 0.76 831 6.39 3.81
Mean 0.56 12.0 2.45 0.49 0.59 612 4.15 1.72
±0.14 ±2.1 ±0.38 ±0.13 ±0.11 ±96 ±0.60 ±0.69
pa <0.01 NS <0.01 NS <0.05 <0.01 <0.01 NS
Group C: Post-obstructive
1 0.11 9.7 8.9 0.49 2.76 349 9.63 0.71
2 0.07 4.9 7.2 0.48 4.84 281 6.03 —1.18
3 0.48 10.1 2.1 0.18 0.30 302 2.00 —0.08
4 0.44 5.5 1.3 0.26 0.41 550 2.10 0.80
5 2.81 18.0 0.64 0.57 0.14 692 1.42 0.78
6 1.64 6.5 0.39 0.46 0.20 496 0.58 0.19
7 2.58 5.7 0.22 0.34 0.30 531 0.38 0.15
8 3.36 10.5 0.31 0.72 0.41 708 0.69 0.37
Mean 1.44 8.9 2.63 0.44 1.11 489 2.85 0.24
±0.47 ±1.5 ±1.22 ±0.06 ±0.62 ±59 ±1.16 ±0.23
pa <0.01 NS NS NS NS <0.01 NS NS
a p value compared to the control group.
Abbreviations: GFR= glomerular filtration rate (inulin clearance); V, urine flow rate; FEH2O (V/GFR), fraction of filtered water
excreted; UNaV, sodium excretion rate; FENa, fraótion of filtered sodium excreted; Uosm, urine osmolality; Cosm/GFR, solute clearance
as per cent of GFR; T°H20/GFR, free water reabsorption as per cent of GFR, a negative value indicates free water clearance, C1120!
GFR.
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fractional reabsorption (TF/P inulin 2.05 0.11), single
nephron filtration rate (31.0±2.1 ni/mm) and absolute
reabsorption rate (14.1 1.0 nl/min) in 22 nephrons were
not different from control values.
Clearance results
Chronic obstructive nephropathy. It was difficult to
obtain reliable clearance measurements in obstructive
nephropathy because of the increased dead space in the
renal pelvis and because urine flow rates were sometimes
very low (<1 iil/min). In four rats with chronic hydrone-
phrosis adequate clearance measurements could not be
made. However, the values obtained in five rats after one
to two hours of equilibration indicated that glomerular
filtration rate was markedly reduced from 3.16± 0.30 in the
left kidney of control animals to 0.56±0.14 mI/mm/kg body
wt in the chronically obstructed kidney (P<0.0l) (Table 2
and Fig. 5). Mean urine flow rates were similar in the con-
trol and obstructed kidneys but they were more variable in
the latter group. When expressed per 100 ml GFR, the
urine flow was considerably higher from the obstructed
kidney, 2.45± 0.38 as compared to 0.29± 0.02 Lil/min/kg wt
(P<0.0I). Similarly, the urine sodium concentrations and
the sodium excretion rates were not different between the
two groups, but fractional excretion of sodium was higher
from the obstructed kidney, 0.59%±0.11 compared to
LI Right kidney, untouched
LI Left kidney, micropuncture
. r1 ____
3.0
0
l.L
E
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0.10±0.03% of the filtered load (P< 0.05). Urine osmolality
was considerably reduced from 1.073± 153 mOsm/kg H20
in the left kidney of control rats to 612± 96 mOsm/kg H20
in the kidney with chronic hydronephrosis (P<0.0l). Os-
molar clearance (Cøsm/100 ml GFR) was significantly higher
in obstructive nephropathy (P<0.0l) and, probably as a
result of this change in solute delivery (Cosm), free water
reabsorption (T20/100 ml GFR) also tended to be
higher in obstructive nephropathy, although the difference
was not significant.
Post-obstructive kidney. When the catheter was inserted
in the dilated ureter above the level of the partial ureteral
ligation, a variable but large amount of clear urine was
obtained within ten minutes (mean 0.66 ml; range: 0.23 to
1.26 ml). This urine was presumed to represent drainage
from the dilated ureter and renal pelvis. Urine flow rate
after ten minutes remained persistently less than the contra-
lateral control kidney for the next two to four hours,
during which time 30 mm urine collections were continued.
In five rats with moderate to severe hydronephrosis, urine
flow did not return to significantly measurable levels (1 iii!
mm). This finding, together with the observation of con-
tinued absence of patent tubule lumens in more than 50%
of surface nephrons, precluded further study. In the eight
animals used for micropuncture experiments, the urine
flow rate returned to consistently measurable levels and the
appearance of surface nephrons had improved by one to
two hours after relief of obstruction. However, because of
the difficulty in obtaining satisfactory renal function for
study after relief of obstruction, four of the eight rats in
this group (Table 2, group C, rats 5 to 8) had milder hydro-
nephrosis and higher glomerular filtration rates than the
rats studied prior to relief of obstruction. Since diuresis or
natriuresis greater than the contralateral control kidney
was not seen in any of the post-obstructive animals, the
results for the eight rats were combined for analysis and are
shown in Table 2 and Fig. 5. Whole kidney GFR was
1.44±0.47 mI/mm/kg body wt, which is 45% of the value
for the left kidney of control animals (P<0.01). Urine flow
was 8.9 nl/min/kg body wt, and sodium excretion was
0.44± 0.06 jiEq/min/kg body wt, values not different from
control. Fractional excretion of water and sodium, re-
spectively, was higher than control in five and six of eight
post-obstructive kidneys, but the difference was not sta-
tistically significant (Table 2). Urine osmolality was con-
sistently lower from the obstructed kidney, the mean value
being 489±59 mOsm/kg H20 (P<0.01). Osmolar clearance
(Cøsm/100 ml GFR) and free water reabsorption (TH2O/
100 ml GFR) were variable and the mean values were not
significantly different from control (Table 2).
Comparison of surface nephron GFR and whole kidney
GFR. Using the value of 30,000 nephrons per kidney [21,
22], it was possible to compare single nephron and whole
kidney GFR (Fig. 6). In control animals the values cal-
culated for whole kidney GFR from surface nephron GFR
(x 30,000) are similar to the measured total kidney GFR.
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Fig. 5. Clearance results in the three groups of rats showing the
right (untouched) as well as the left (micropuncture) kidney. The
results are expressed as mean 1 SEM. The significance of differ-
ences is as indicated for the left kidneys alone in Table 2.
Measured whole kidney GFR, ml,min/kg body wt
Fig. 6. Comparison of measured whole kidney GFR (left, experi-
mental kidney) and GFR calculated from the mean surface
nephron GFR per kidney x 30,000. The latter value is above the
line of identity in the majority of obstructed kidneys.
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ly decreased in chronic hydronephrosis [23—25]. The finding
that intratubular pressure is only elevated slightly in chronic
obstructive nephropathy is in contrast to the high pressure
found immediately after acute ureteral occlusion [26]. The
difference may be due to several factors including a de-
crease in renal blood flow [27—29], atrophy of the renal
parenchyma due to compression or ischemia, loss of smooth
muscle tone and dilatation of the renal pelvis and egress
of urine from the renal pelvis via the lymphatics or other
routes in the chronically obstructed kidney [30]. The failure
of proximal intratubular pressure to return to normal levels
in the two to six hours after relief of chronic obstruction may
be due to persistent interstitial edema in the deeper portions
of the kidney or to a persistent impairment of renal venous
blood flow.
The glomerular filtration rate of superficial cortical
nephrons was reduced by 24% in chronic obstructive ne-
phropathy. Tubule fluid flow rate in surface nephrons was
reduced by about 35%, a change which was accompanied
by a slight but significant increase in fractional sodium
reabsorption, indicating a mild loss of glomerulotubular
balance. Previous studies on the effect of acute ureteral
obstruction [31] or individual nephron obstruction [32]
have shown no significant increase in fractional reabsorption
in the proximal tubule although an earlier report did
describe such a finding [33]. The presence of chronic ob-
struction and a more severe reduction of GFR in some
nephrons probably accounts for the slight increase in
fractional reabsorption found in the present experiments.
The absolute rate of proximal fluid reabsorption was
decreased in chronic obstruction, although the difference
was not statistically significant. This associated decrease in
reabsorption rate and filtration rate appears to be a general
tubular adaptive phenomenon that is independent of
whether or not glomerulotubular balance is maintained,
and independent of tubular dilatation and an increase in
tubular volume [31, 32]. The findings of reduced GFR,
reduced flow rate and slightly increased fractional reab-
sorption indicate a state of underperfusion of the surface
nephrons in these chronically hydronephrotic kidneys. It is
unlikely that the slight increase in intratubular pressure is
responsible for these results which, instead, seem best ex-
plained by preglomerular vasoconstriction. Similar findings
have been reported after the reduction of GFR by aortic
constriction [33, 34]. The urinary findings that might be
expected to accompany this functional pattern include a
decrease in urine flow and urine sodium concentration and
an increase in urine osmolality [35].
Measurements of whole kidney function indicate that
Discussion glomerular filtration rate was markedly reduced to about
18% of normal, a finding similar to that reported after one
week of complete obstruction [28] or partial ureteral li-
gation in the dog [36]. The obstructed kidney excreted a
more dilute urine than did the control, thus indicating an
impairment of concentrating capacity similar to that
described in dog [36] and man [5]; furthermore, the frac-
If it is assumed that all the functioning nephrons in the
obstructed and post-obstructive kidneys have the same
GFR as those nephrons measured, then the calculated whole
kidney GFR is considerably above the measured whole
kidney GFR in five chronically obstructed kidneys and six
of eight post-obstructive kidneys. These results indicate the
relative sparing and functional hypertrophy of surface
iiephrons in chronic obstructive nephropathy and suggest
greater impairment of function of the deeper nephrons in
such kidneys.
A similar calculation was made in the obstructed and
post-obstructive kidneys using the estimated percentage of
functioning surface nephrons to correct the value of 30,000
nephrons per kidney. In the chronic obstructive nephro-
pathy group and the post-obstructive group, 80% and 75%
respectively, of the surface nephrons were judged to be
functional by their appearance and the passage of lissamine
green along the tubule. Using this approximation of the
number of functioning nephrons, it was found that in
four of five chronically obstructed kidneys and in five of
eight post-obstructive kidneys, the GFR calculated from
the surface nephron values was more than 90% higher than
the measured whole kidney GFR.
Obstructive nephropathy of varying severity, but usually
moderate in degree, was present two to four weeks after
partial ureteral ligation. Proximal intratubular pressure
was only slightly increased, a finding similar to that of
several other workers who have shown that pressure in the
renal pelvis is normal, only slightly increased, or occasional-
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tional excretion of sodium and water was consistently in-
creased from the obstructed kidney. These results could be
explained by nephron loss with or without a more specific
type of damage related to chronic obstruction. However,
the similarity of urine flow, sodium concentration and
sodium excretion in the control and hydronephrotic kidneys
in which clearance measurements were possible (Table 2) is
difficult to attribute simply to a decrease in glomerular
filtration rate in the obstructed kidney; instead, it suggests
a more pronounced impairment of tubular or medullary
function. There was no evidence of either supranormal
glomerular filtration or decreased proximal tubule frac-
tional reabsorption in residual surface nephrons; therefore,
a defect in distal nephron reabsorption is suggested as one
possible explanation for the findings in final urine. The
micropuncture results also indicate that the loss of func-
tioning nephrons was not uniform in distribution since
superficial nephron filtration rate was much less markedly
affected than whole kidney GFR (Fig. 6), even allowing for
the fact that the latter measurement may be artefactually
low due to difficulties with the clearance technique in
obstructed kidneys. In chronic obstructive nephropathy
there appears to be relative sparing of a large proportion
of superficial cortical nephrons with presumably a more
marked impairment of deeper nephron function. Direct
micropuncture evidence [22, 37] and observations using the
ferrocyanide-microdissection technique [38] indicate that
juxtamedullary nephrons may have a higher filtration rate
than superficial nephrons. Hence, more severe damage to
the deeper nephrons in chronic hydronephrosis could con-
tribute to a whole kidney GFR which is disproportionately
low in comparison to surface nephron GFR. Damage to the
medullary structures would also result in defective con-
centrating ability. Studies in the dog have shown that in
chronic hydronephrosis there is a loss of the increasing
gradient of solute concentration normally found in the
medulla during hydropenia [39]. The functional and histo-
logic data obtained in the present experiments support the
concept that disproportionate damage to the renal medulla
contributes to the urinary abnormalities found in chronic
obstructive nephropathy.
Post-obstructive diuresis or natriuresis may be defined
as a sustained increase in the absolute excretion rate of salt
and water after relief of urinary tract obstruction, which
occurs regardless of the GFR and fractional excretion of
salt and water. Post-obstructive diuresis did not occur
after relief of chronic unilateral partial obstruction in the
present experiments. An inability to excrete normally con-
centrated urine was observed, however. Urine was always
more dilute from the obstructed kidney, and in two rats in
the post-obstructive group and in one chronically obstructed
animal, free water clearance was observed; this was never
seen in the hydropenic control rats (Table 2). During the
period of free water clearance from these three hydrone-
phrotic kidneys, the contralateral normal kidney excreted
concentrated urine with a mean urine osmolality of 1,244
mOsm/kg H20, indicating adequate antidiuretic hormone
secretion. A decrease in free water reabsorption and the
occasional excretion of free water in the post-obstructive
kidney have been noted by Bercovitich et al [17] and were
attributed to an increase in sodium supply to and transport
by the distal nephron due to reduced reabsorption in the
proximal tubule. This conclusion was based on clearance
experiments during mannitol diuresis after 24 hours of total
ureteral obstruction, a situation which may not be com-
parable to the present experiments. However, it is of interest
that the appearance of free water clearance in the present
experiments was accompanied by normal or decreased
superficial nephron filtration rate and by normal or
decreased delivery of fluid from the proximal tubule. Thus,
the occurrence of free water clearance was more likely due
to a decrease in water permeability in the distal nephron or
collecting duct or, alternatively, to a decrease in reabsorp-
tion in the proximal tubule of nephrons deep to the kidney
surface.
The micropuncture data after relief of obstruction show
that surface nephron GFR was relatively spared compared
to whole kidney GFR in rats with moderate hydronephrosis,
a result similar to that observed prior to release of obstruc-
tion. Thus, disproportionate functional impairment of
deeper nephrons and medullary structures also appears to
be characteristic of the post-obstructive kidney. Yarüer,
Aynedjian and Bank [40] have recently reported similar
differences between surface nephron and whole kidney
GFR during the marked post-obstructive diuresis which
occurs after relief of 24 hours of bilateral ureteral ligation.
However, the present results, together with those of Yar-
ger et al [40], indicate that neither a defect in distal tubular
reabsorption nor the observed heterogeneity of nephron
function are the only factors responsible for the phenome-
non of post-obstructive diurcsis. Instead the results imply,
as suggested by clinical studies [10—15] and experimental
data [40, 41], that other factors such as volume expansion,
azotemia with resulting osmotic diuresis, or more severe
reduction in nephron mass must be superimposed on the
intrinsic renal defect in chronic obstructive nephropathy
in order to elicit a post-obstructive diuresis. The significant
decrease in absolute reabsorptive rate in the proximal
tubule which was present in the post-obstructive kidney
(Table 1), also suggests that factors which increase nephron
filtration rate or further reduce proximal reabsorption
could produce a disproportionate diuresis in the post-
obstructive kidney by delivering an excessive load of salt
and water to the distal nephron or to deep nephrons or
collecting ducts with impaired function.
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